(19) 



J 




(12) 



(43) Date of publication: 

23.02.2000 Bulletin 2000/08 

(21) Application number: 99116094.6 

(22) Date of filing: 17.08.1999 



Europaisches Patentamt 
European Patent Office 
Office europten des brevets (11) EP 0 980 856 A1 

EUROPEAN PATENT APPLICATION 

(51) lnt.Cl7: C04B 35/26 



(84) Designated Contracting States: 

AT BE OH CY DE DK ES R FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
ALLTLVMKROSi 

(30) Priority: 19.08.1998 JP 24919098 
08.02.1999 JP 2999399 

(71) Applicant: MINEBEA CO., LTD. 
Kitasaku-gun, Nagano-ken (JP) 

(72) Inventors: 

• Kobayashi, Osamu, 
Minebea Co.,Ltd. 
Iwata-gun, Shizuoka-ken (JP) 



• Honda, Kojt, 
Minebea Co.,Ltd. 
Iwata-gun, Shizuoka-ken (JP) 

• Kawasaki, Shunji, 
Minebea Co.,Ltd. 
Iwata-gun, ShIzuoka-ken (JP) 

(74) Representative: 
PatentanwaKe 

Schaad, Balass, Menzl & Partner AG 

DufourstrasselOl 

Postfach 

8034 ZQrich (CH) 



(54) A Mn-Zn Ferrite 

(57) A Mn-Zn ferrite having large electrical resist- 
ance, which can withstand use in high frequency region 
exceeding 1 MHz, is provided. The Mn-Zn ferrite com- 
prises the following basic components: 44.0 to 50.0 
mol% FegOa. 4.0 to 26.5 mol% ZnO. 0.1 to 8.0 mol% at 
least one mentber selected from the group consisting of 
T1O2 and Sn02, and the remainder being MnO. 

By the addition of T1O2 and SnOa, even if the mate- 
rial is sintered in air. electrical resistance of 10^ times 
that of the conventional Mn-Zn ferrite can be obtained, 
and high initial permeability of 300 to 400 as estimated 
can be secured even at high frequency of 5 MHz. 
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Descrfption 



BACKGRQtJNn OF THF INVENTION 
s Field of Ihe Invention 



[0001] Thepresert mvenlion relates to a soft magnetic material, particularly a Mh-Zh feirite suitable fbr low loss mate- 
^r^^^l^Z. power supply, a rotary transfamer and deflection yoke, electronic parts such as for 

10 -nductance elements and impedance elements for countemieasure against EMI. or fbr^Sectiomagnetic 



Description of the Related Art 
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fJUS* u representative oxide magnetic material having a softmagnetism includes. Conven- 

tionally, this Mn-Zn ferrrte generally has a basic component composition containing more than 50 mol% 52 to 55 mol% 

!S ^! produced by mixing each of raw material pomiers of FeaOa. ZnO and MnO. and the ste^ of 

cateinrton. nuDing. composition adjustment, granulation and pressing, and conducbng sintering at 1 .200 to 1.400OC for 
l^JL^ 'n reducing atmosphere which suppresses an oxygen concentration by flowing nitrogen gas. The reason 
forantenng under the above atomosphere is as follows. If the green compact is sintered in air when morethan 50 mol% 
2 ' does not proceed sufficiently, so that a good soft magnetism is not obtained. Fur- 

^ JJ^ ^ . n ^ anisotropy. and has an effect to erase a negative 

eryrtal magnetic anisotropy of Fe^*. thereby improving a soft magnetism. However, if sintering is conducted in an air 
such a reduction reaction cannot t»e expected. ^ wicui. 

^ S!?SL Lw""^" ^^'^^ ^ «s a frequency region used is increased 

f^T^J^ *^"'®"! Therefore, in order to increase the upper limit of the frequency which can 

core matenal. it is necessary to make its electrical resistance large as much as possible. However 

TJ!^^*!^^^ ""^^ ^"-^ « than 1 £1 m due to enjoymeni 

ofe^ectrorsbetweenttie above^escnbed Fe^* and Fe^* Onterionic). and the frequency which can be used is withrthe 
SIi ^ hundreds of kHz. Initial permeability is considerably decreased in the frequency region exceeding 

1MHz. and properties as the soft magnetic material are entirely lost. In some instances, however, such a coutermeas- 
i^»K!ir? ^ in order to increase the electrical resistance of Mn-Zn fen-ite. CaO. SiOg and the like are added as 
addrtiv^o the above-described main components to make resistance of grain boundary high, and also sintering is 

?I ' *° "P to about 5 M m. thereby increasing the pro- 

porton of the gran boundary However, it is difficult to obtain electrical resistance exceeding 1 n m even w», sudi a 
countemieasure. and a fundamental solving approach is not yet attained. 
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SUMMARY OF THE INVgNTmi^ 

^ invention has been completed in view of the above-described conventional problems 

[0005] Acrordingly. an object of the present invention is to provide a Mn-Zn l^ite having high electrical resistance 
which can sufficiently withstand the use in a high frequency region eiffieeding 1MHz 

'".r?' ^ above-described object, according to a firet aspect of the present invention, there is 

provided a Mn-Zn femte compnsing the following basic conponents: 

44.0 to 50.0 mol% FeaOa, 
4.0 to 26.5 mol% ZnO. 

0.1 to 8.0 mol% at least one member selected from the group consisting of TIO, and SnO, and 
the remainder being MnO. 



[0007] According to another aspect of the present invention, there is provided the Mn-Zn ferrite which further com- 
""^^ member selected from the group consisting of 0.005 to 0.200 mass% CaO and 0 005 to 0 050 

mass% Sn02. " 

55 d^Sd aiS^^S^tl^^ according to the above-described aspects can further contain the following additives, if 

[0009] In one prefenred embodiment the Mn-Zn ferrite further contains at least one member selected from the group 
consisting of ^ *^ 
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0.010 to 0.200 mass% V2O5, 
0.005 to 0.100 mass% Bi203. 
0.005 to 0.100 mass% 10203, 
0.005 to 0.100 mass% PbO, 
0.001 to 0.050 ma8S% M0O3. and 
0.001 to 0.050 mass% WO3 

as acJditivss 

1001 01 In another preferred embodiment, the Mn-Zn ferrHe further contains at least one member selected from the 
group consisting of 

0.010 to 0.200 mass% ZrOa. 
0.010 to 0.200 mass% TaaOs, 
0.010 to 0.200 mass% Hf02, 
0.010 to 0.200 mass% t'to^s- ^ 
0.010 to 0.200 mass% Y2O3 

[WMIl^^tn further prefen^ed enibodiment. the Mn-Zn fen-ite further contains at least one member selected from the 
group consisting of 0.020 to 0.300 mass% CrgOa and 0.020 to 0.300 ma88% AlgOa. as additives. 

RRIgF DESCP IPTinN OF THE DRAWING 

100121 

Fig. 1 is a graph showing the influence of temperature and the containing amount of T1O2 and SvOz to the core 
loss. 

DETAILED PFSORIPTION O F THE INVENTION 

[001 3] The present invention newly contains at least one member selected from the group consisting of TiOg and 
SnO, in addtion to FegOg. ZnO and MnO which are basic components of the conventional Mn-Zn fen-rte in order to pro- 
vide a Mn-Zn ferrite which can sufficiently withstand use in a high frequency region exceeding 1 MHz. Such an oxide 
magnetic material has a basic composition comprising 44.0 to 50.0 mol% FeaOa, 4.0 to 26.5 mol% 2nO, 0.^\o 8.0 
mol% at least one ment.er selected from the group consisting of TiOg and SnOg. and the remainder bemg MnO. 
[00141 Iron components in the Mn-Zn ferrHe are present as Fe^* and Fef. It is known that Sn and Ti receive electrons 
from Fe^* to form Fe^*. -TTierefore. by containing those components. Fe^* can be formed even by sintering in air. The 
present invention makes it possible to obtain an excellent soft magnetism such that the contents of SnOg 
in the basic conponent composition are made 0.1 to 8.0 mol%. thereby controlling the amount of Fe^ formed and opti- 
mizing the presence ratio of Fe»* and Fe^*. so that positive and negative crystal magnetic anisotropies are compen- 
sated Further, acconling to the present invention, since many Sn^** and.Ti^** having the stable number of valency are 
present, exchange of electrons between Fe^* and Fe^* are substantially inhtoited. and as a result, electrical resistance 
far larger than the conventional one (about 1 0^ times) can be obtained. However. H the content of SnOa and/or T102 is 
less than 0.1 mol%. its effect is small, and on the other hand, if it exceeds 8.0 mol%. the initial permeability is 
decreased. Therefore, the content is limited to the above range of 0.1 to 8.0 mol%. 

[0015] As described above, the present invention can obtain a sufficient soft magnetism even by sintering in air. but 
in Older to further improve the soft magnetism. H is desirable to Fimft the FegOg content to 50 mol% or less, thereby pro- 
moting the densif ication. However, if FeaOa is too small. H is caused to decrease in initial permeability. Therefore. FegOa 

should contain at least 44.0 mol%. ^ • . «j 

ZnO influences curie temperature and saturation magnetization. If ZnO is too large, the cune temperature is lowered, 
resulting in piactical prolslem. On the other hand, if it is too small. 

saturation magnetization is decreased. Therefore, ZnO is desirably in the above-described range of 4.0 to 26.5 mol ^. 
[001 6] It is known that CaO and SiOg make the grain boundary Ngh resistance as described above. It is also known 
that those have the function to promote sintering of Mn-Zn ferrite. Therefore, adding CaO and SiOa as additives to the 
above-described basic component composition is effective in obtaining a highly dense magnetic material. In order to 
obtain the desired eHect. it is necessary to contain CaO and SiOg in an amount of 0.005 ma6S% or more. Hweverjf 
the amount thereof added is too large, abnormal grain growth occurs. Therefore, the upper limit of CaO should be 0.200 
mass% and that of SiOa should be 0.050 mass%. 
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(001 7] The Mn-Zn ferrite accordng to the present invention may contain at least one member selected from the grouD 
consisting of V2O5. BigOa. ^0^. PbO. M0O3 and WO3 as additives. These additives each is an oxide having low melt- 
ing point and has a function to promote sintering. However, if the content of these components is small Its effect is 
small, and on ttie other hand, if it is too large, the abnormal grain growth is caused to occur. Therefore, the content of 
V2O5 IS desirably 0.010 - 0500 mass%: BigOs. IngOg. PbO 0.005 - 0.100 mass%: and WO3 0.001 - 0.050 mass%. 
[0018] The Mn-Zn ferrite according to the present invention may contain at least one member selected from the arouD 
opnsi^^ of ZriDa. TaaOs HfOa. Nb02 aro^ 

* ?1 *° ^^^^t ^Z^" " *^ 9™'"* resistance is increased 

■merefbre. the initial permeability in high frequency region can be improved by containing those addiotives in appropri- 
ate amount. However, if the content of those components is small, its effect is small, and on the other hand, tfft is too 
large the inrtial permeability is decreased. Therefore, the content of each of those components is desirably 0.010 to 
u*^uo mass%. ' 

[0019] The Mn-Zn ferrite according to the present Invention may contain at least one of CraOg and AI2O3 as additives 
*Tr!!.®*^ ^ *"™*°" *° temperature characteristic of initial permeability. However, if the content 

ttierert is too small, its effect is small, and on the other hand, if it is too large, the initial permeability is decreased There- 
tore, the content of each of those components is desirably 0.020 to 0.300 mass% 

[0020] In producing Mn-Zn ferrHe, each raw material powder of FeaOs. ZnO. TiOg and/or SnO, and MnO as the main 
compon«its are previously weighed in the predetermined proportions, and those are mixed to obtain a mixed powder 
This powder IS caloned and finely mHled. The calcination temperature can select an appropriate temperature within the 
temperature range of 850 to 950 'C . although varying depending on the objective conpositon. Further, the fine milling 
can be conducted with widely used ball mills. If desired, the powder of the above-described various additives are added 
in predetermined amount to the mixed fine powder and mixed to obtain a mixed powder having the objective composi- 
iTn ar^pressing are conducted according to the conventional ferrite producBon process, and sintering is 

J^l^ ? ^^T^ "^^ granulation is conducted by adding binders such as polyvinyl alcohols, 

polyacryl airades. methyl cellulose, polyethylene oxides or glycerin. Further, the pressing is conducted by applyino a 

' ®° '^''^ "^^ conducted by. for example a method of maintaining atMemir- 

ature of. for example. 1 .000 to 1 ,300»C for an appropriate time period in air. 

[Otei] The Mn^errite thus obtained contains TOg and/or SnOa as the main components. Therefore, the electrical 
resistance is martedly inaeased as compared with the conventional Mn-Zn ferrite (about 10^ times) 
100221 Further, the limit of the initial permeability in a soft magnetic ferrite generally is inversely proportional to a fre- 
5 A ^ ^ ®* *® '® estimated by the value given by the equation of (=Kff (K-1 500- 

2.000). According to the Mn-Zn ferrite of the present invention, the initial permeability of 300-400 as estimated in the 
frequency of 5 MHz can be obtained, and the fenite is suitable as magnetic core materials and electromagnetic wave 
absoitjers for high frequency eweeding 1 MHz. 

JH® P''^J'*'e'*o" « described in more detail by reference to the following Examples, but the invention 
snouid not be limited thereto. 

EXAMPLE 1 

^ that FegOa was 42.0-52.0 mol%. TiO, or SnO, was 
'^"^^ was MnO and ZnO having a molar ratio of 26:25. The resulting mixture was calcined at 
^ ^. ^"^ """" ^ 20 hours to obtain a mixed powder. This mixed powder was 

ajusted in the components so as to have the above-deswibed composition, and forther mixed with ball mill for 1 hour 
Polyvinyl alcohol was added to this mixed powder, and granulated. The resulting granulates were pressed into toroidal 
^"""^ *" of 18 mm. an Inner diameter of 10 mm and a height of 4 mm under a pressure of 

80 MPa. Each green compact was placed in a sintering furnace, and sintered at 1.000'C for 3 houre in air to obtain 
Samples 1-1 to 1-7 as shown in Table 1. 

w *® ^ °* comparison, each raw material powder was mixed with ball mill such that FejOa was 52 5 
mo^A MnO was 24. 2 mol%. and ZnO was 23.3 mol%. The resulting mixture was calcined at 900 »C for 2 houre in air 
and then milled with ball mlD for 20 hours to obtain a mixed powder. This mixed powder was adjusted in the component^ 
so as to have the above-described composition, and 0.050 mass% of CaO and 0.010 mass% of SiO, were added 
thereto as additives. The resulting mixture was further mixed with ball mill for 1 hour. Polyvinyl alcohol was added to this 
mixol powder, and granulated. The resulting granulates were pressed into toroidal cores each having an outer diameter 
18mm. an inner diameter of 10 mm and a height of 4 mm under a pressure of 80 MPa. Each green compact was 
pteced in a sintenng furnace, and sintered at 1.200°C for 3 hours in nitrogen atmosphere to obtain Sample 1-8 having 
the FesOa content of more than 50 mol% as is same as the conventional one. 

[0026] On ea^ of Samples 1-1 to 1-8 obtained above, final component composition was confimied by fluorescent X 
ray analysis, and also sintered density, initial permeability at 500 kHz and 5 MHz. and electrical resistance and core loss 
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at 1 MHz and 50mT were measured. 

[0027] The results obtained are shown in Table 1 below 
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100281 From the results shown in Table 1 , Samples 1 -2 to 1 -5 and 1-7 (samples of the present invention) having the 
FegOs content off 50.0 mol% or less each have sufficiently high sintered density, and also marked high electrical resist- 
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h P^'"!f t*^ 500 kHz and 5 MHz and marked low in core loss, as compared with Sample 1 (compar- 
ative sample) having the FegOg content of more than 50.0 mol%. a the samples of the present invention SarnDte^S 

'^^ «° '•"'''ease in electrical resistence. Further. Sample tSS^^l 
Z^ V^^ "^0!. ^ "^"^ °^ ^ PermeabSty thereof at 

^ ^ "^"^^ °^ "^^ P^«sent invention. Further. Sample 1-8 having tf^ 

J^^Sf^l .^^M ^ ^"'e as in the conventional one is that the initial ^rnSbility at 5 Z fe 



EXAMPLE 2 



^K^TJ^ "^JT powder was mixed with ball mill such that FegOg was 48.0 mol%. TiOa or SnO, was 0-1 0 0 

aSSiS^S J"^" """^ « "^"^^ P°«der. This mixed powder 

r.^tT'^ iSf 1' *° ""^^ above^lescribed composition, and further mixed with ball mUMbr 1 hoS 
Polyvinyl alwhol was added to this mixed powder, and granulated. The resulting granulates were pressed into torJub 
S Mpf t^""" ^ IT''^ ' ^ ^ "^^'^ Of 1 0 mm anS I height of 4 mmlSfa^^ 

2!^iv2 !!? "^^^"^'^ ^:V° ^"^ «>^nent composition was confinned by fluorescent X 

^ . '2'^ permeability at 5 MHz and core loss at 1 »^Hz and 50 mT were measured, and as to 

r^'::r:t?2e2a^vrr"^^^^^^ 

Table 2 



SAMPLE 
NO. 



2-1 
2-2 

1- 3 

2- 3 
2-4 
2-5 
2-6 

2-7 



SAHIPLE 



COMPARAnVE 

iNvemoN 

IWENnON 
INVENTION 
IKVOmON 
INVENnON 
OGKPARATIVE 

INVENnON 



BASIC COI-ffONENT 
COMPOSmON (molX) 



Fe»0, >>1nO ZnO Tip, 



48.0 
48.0 
48.0 
48.0 
48.0 
48.0 
48.0 



26.5 
26.5 
25.5 
24.5 
23.5 
22.4 
.21.4 



25. S 
25.4 
24.5 
23.5 
22.5 
21.6 
20.6 



0 

0.1 
2.0 
4.0 
6.0 
8.0 
10.0 



48.0 22.4 21,6/SnOi 

\a.o. 



INIHAL 

PEWEABILmr SMHz 



40 
300 
390 
380 
350 
32(r 
220 

340 



CORE LOSS 
(kW/m') 



(IMHz.SOmT) 



>3000 
940 
820 
810 
800 

830 

1160 

830 



^^1'^-^"^'"^'^^^' ^"^^ 2-2 to2-5 which contain an apprropriate amount of TlOs and 

^i^ J^foT^^ J'' ^-^l^) not contain TiO^ at all. Further, the initial perme- 

atalrtyof Sample 2-6 (comparatn^e sample) containing relatively large amount of TO^ is high as compared wfth sample 
fl <»ntein TiOa at all and low in core loss, b^ the initial peXabilin^S^ 

7ur^ ^TT" '^r^^ ^ 1-3. 2-1 10 2-5 and 2-7 of the presert invSo. 

l^J^' il!^ ^' ^P'« TiO2=2.0 mol% is small in influence of 

S^^o. SifSr^ ; olrr ^^^"^ ^"'^^ "^"'^'^^ elements and inpedance elements. In StS- 

^Jl^i^"^'^^ ^"^ *° ^'^ and 2-7 of the present invention which contains 4.0 to 8.0 mol % of TiO, the tefS^- 

.^. r^S; « fZr^ °! ^"^'^ wHhin 40 to 80 -C . by making use Of such tenJ^lSe to 

in particular as femte having kw loss ft can be effectively us^^ 
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EXAMPLES 
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[00331 Each raw n aterial powder was mixed with ball mill such that FegOg was 48.0 moP/o. MnO was 25.5 mol%. ZnO 
was 24 5 mol% and TiOz was 2.0 mol% (The same as in Sample 1 -3 in Example 1 ). The resulting mixture was calcined 
at 900 «C for 2 hours in air, and then milled with ball mill for 20 hours to obtain a mixed powder. This mixed powder was 
adjusted in the components so as to have the above-described composition, and CaO or SiOg was a*ed thereto as 
additives in various amounts as shown in Table 4. The resulting mixture was further mixed with ball mill for 1 hour. Pol- 
yvinyl alcohol was added to this mixed powder, and granulated. The resulting granulates were pressed into toroidal 
cores each having an outer diameter of 18 mm. an inner diameter of 10 mm and a height of 4 mm under a pressure of 
80 MPa. Each green compact was placed In a sintering furnace, and sintered at 1.300*C for 3 hours in air to obtain 
Samples 3-1 to 3-6 as shown in Table 3. 

[0034] On each of Samples 3-1 to 3-6 obtained above, final component compositton was confirmed by fluorescent x 
ray analysis, and also the sintered density and initial permeability at 5 MHz was measured. 
[0035] The results obtained are shown in Table 3 below. 



20 



25 



30 



35 



40 



45 



60 



65 



7 



EP 0 980 856 A1 



to CO CO CO CO CO 

•••till 
Of oi u« &N» rs> . — CO 



70 



IS 



SO 



25 



30 



35 



40 



4$ 



%%%%%%% 



o o < o o o 
m ^ rn 2: ^ 



Oo Oo Oo Oo OO Oo Oo 



rs» CN> ro ro ro cs> 
en cn cn en cn cn cn 
• ••••«« 

cn cn cn cn cn cn 



^ 5^ 5^ 50 is> *>j rs» 

»^ al^ iC^ ^ sl^ ^ 

• • • • ' • • 7 

cr« cn cn cn cn cn cn 

rs> ts> 09 ts> c\d cs> rs» 



|c5 *6 



^ I 

o 



.Ci> l\> C3 

s s 

o C3 cn 



cr> CD cn cj C3 o 



00 CO CO CO CO CO Oo 

01 ♦r-' CO -CO 



CO it*, Ua. 

^ tN3 C3 00 
O CD O CD 



iC^ CO 
CD CD 



C/3| 




Ir5 g 



Icn 



50 



[0036] From the results shewn in Table 3, in Samples 3-1 . 3-2. 3-4 and 3-5 containing CaO or SiOg in appropriate 
anowit (samples of the present invention), both sintered density and initial permeabilitv are improved as compared with 
Sample 1-3 which does not contain those components at all (sample of the present invention in Example 1) However 
in Samples 3-3 and 3-6 containing CaO or SiOg in slightly large amount (comparative samples), the sintered density is 
improved, but the initial permeability is decreased, as compared with the above-described samples of the present 
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EXAMPLE 4 

COOST] -me predetermined amourrts of VgOg. BizOg. InaOa. PbO. M0O3 and WO3 as additives were added to the 
mi)«d powder having the same component composition as in Example 3. The resulting mixed powder was mixed, gran- 
6 ulated. pressed and sintered under the same conditions as in Example 3 to obtain Samples 4-1 to 4-14 as shown in 
Table 4. 

[0038] On each of Samples 4-1 to 4-14 obtained above, final component composition was confirmed by fluorescent 
X ray analysis, and also the sintered density and initial permeability at 5 MHz was measured. 
[0039] The results obtained are shown in Table 4 below. 



Table 4 





SAMPLE 


SAMPLE 


BASIC COMPONENT COMPOSI- 


ADDITIVE (mass%) 


SIN- 


INITIAL 




NO. 




TION (mol%) 








TERED 


PERMEA- 


IS 
















DENSITY 


BILITY 


















xlO^ 
(kg/m^) 












MnO 


ZnO 


Ti02 


KIND 


CONTENT 




atSMHz 


20 


10 


INVEN- 
TION 


48.0 


25.5 


24.5 


2.0 


NONE 




4.89 


iio 




•r" 1 


IISIVEN- 
TION 


48.0 


25.5 


24.5 


2.0 


V2O5 


0.010 


4.90 


400 


25 




INVEN- 
TION 




25.5 


24.5 


2.0 


VoOr 


0.200 


4.91 


410 






COMPAR- 
ATIVE 


48.0 


25.5 


24.5 


2.0 


V2O5 


0.300 


4.95 


290 


30 


4-4 


INVEN- 


48.0 


25.5 


24.5 


2.0 


BlaOs 


0.005 


4.91 


410 




TION 




















4-5 


INVEN- 
TION 


48.0 


25.5 


24.5 


2.0 


BiaOa 


0.100 


4.94 


430 


35 


4-6 


COMPAR- 


48.0 


25.5 


24.5 


2.0 


BiaOa 


0.200 


4.97 


270 




ATIVE 




















4-7 


INVEN- 
TION 


48.0 


25.5 


24.5 


2.0 


InaOa 


0.100 






40 


4-8 


INVEN- 


48.0 


25.5 


24.5 


2.0 


PbO 


0.100 


4.93 


420 




TION 




















4-9 


INVEN- 
TION 


48.0 


25.5 


24.5 


2.0 


M0O3 


0.001 


4.90 


400 




4-10 


INVEN- 


48.0 


25.5 


24,5 


2.0 


M0O3 


0.050 


4.94 


410 


45 




TION 




















4-11 


CXDMPAR- 
ATIVE 


48.0 


25.5 


24.5 


2.0 


M0O3 


0.100 


4.96 


280 




4-12 


INVEN- 


48.0 


25.5 


24.5 


2.0 


WO3 


0.050 


4.93 


400 


SO 




TION 




















4-13 


INVEN- 
TION 


48.0 


25.5 


24.5 


2.0 
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ST inS, J^Tn ^P'^ ' ■ '° ^-^O- and 4-12 to 4-14 containing VjOg. 

B12O3. 'nat^. PbO. M0O3 and WO3 in appropriate amount (samples of the present invention), sintered density and irti- 
^Sl'Z'S!^ are improved as compared with Sample 1 -3 which does not contain those components at aH (sample 
o^ the present .nvent«n in Example 1). However, in Samples 4-3. 4< and 4-1 1 containing thoseadditives in reiaS 
S samples), sintered density is improved, but initial permeability is decreased, as compared 

with the abave<le8cnbed samples of the present invention. w^mparea 



EXAMPLES 



E^ir hlJ^n'i.!?!!^ r °' ^^2°=' "^2. NbaOs and Y2O3 as additives were added to the mixed 

powder havmg the same component composition as in Example 3. The resuHing mixed powder was mixed oranulated 

T ""^'^ conditions as in Example 3 to obtain Sarnies 5-Vto5-9 as sSn i'n 5 

2vl?=iw?" ^ *° ^ «»»Vonent composition was confirmed by fluorescent X 

^^OTalJree. and also gram size, initial permeability at 5 MHz and electrical resistance were measured 
[0043] The results obtained are shown in Table 5 below. 
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100441 From Ihe results shown in Table 5. in Samples 5-1 . 5-2 and 5-4 to 5-9 containing ZrOa. TasOg. HK)2. NbzOg 
and YoOa In ap propriate amount (samples of the present invention). Hs grain size is small as 5 to 8 jim as compared 
with the grain size of 14 urn of Sample 1-3 which does not contain those components at al (sample of the presentmven- 
tion of Example 1). and due to this, the initial permeability is also improved. However, in the sample containing additives 
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EXAMPLE 6 

[0045] The predetermined amounts of Cr^O^ and AI2O3 as additives were added to the mixed oowder havinn the 

^""P^;^" ^^ '" Examples. The resulting mixed'powderms mixed. g^nuS^S^ 
SSi On ^"IV^:^'^ ^ Example 3 to obtain Samples 6-1 to 6-6 as show,; I Table ? 
S?ilv2« !^ «t« «»^°"«"» composition was confimied by fluorescent X 

^L^!S!' P«'-'"«^'«»y at 5 MHz and temperature factor of initial permeaWlL werVmMS 

risT^eSr™^^^^^ 

Tenr^erature factor Of initial permeability = ( jig'HiVMi ^/(Tg-T^) 

wherein m is initial penmeability at temperature T^. 
and ^2 «s initial permeability at temperature T2 

[0047] The results obtained are shown in Table 6. 
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100481 From the results shown in Table 6, in Sample 6-1 . 6-2 and 6-4 to 6-6 containing CraOa and AI2O3 m appropnate 
amount (samples of the present Invention), the temperature factor of initial permeability is small to the Qram size of 
Sample 1-3 which does not contain those components at all (sample of the present Invention in Example 1). a^j tem- 
perauire characteristic is improved. However, in the sample containing additives in relatively large amount as in Sample 
6-3 (comparative sample), the temperature factor of initial permeability is decreased, but the initial permeability is 
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decreased. 



fSnr^t^f """"^ f^^.**"® ^"'^ ^"^'^'"S *° f^^"^ '"ventton can obtain markedly large electrical 
S2 u« iJScT^K r pernrieability as compared with the conventional Mn-2n ferrHe. and can sSnifS 

ar^s^Cn^rraS^^^^^ 

S^Loa"!!!!!?? feiTite according to the present invention enables Mn-Zn feirite having the Fe,©, content 

itt ^ « ^nt^^n* 

Claims 

1 . A Mn-Zn f errite comprising the following basic conponents: 

44.0 to 50.0 mol% Fe203, 
4.0to26.5mol%ZnO, 

^' iL^T"^ ^r/TJ^ "^^"^^ ""^^"^ ^' whichfurther comprises at least one member selected from the arouo 
consisting of 0.005 to 0.200 masso^ CaO and 0.005 to 0.050 mass% SiOg as additives ®^ 

^' ^n^J!l^^^''''^ ^ "^^'""^ ''^'"^ ' ^' "^"^ ^'^"^^ '^^^ '"^^^ ««>ected from the group 

0.010 to 0.200 mass% VgOg. 
0.005 to 0.1 00 mass% BigOs. 
0.005 to 0.1 00 mass% IngOa. 
0.005 to 0.1 00 mass% PbO. 
0.001 to 0.050 mass% M0O3. and 
0.001 to 0.050 mass% WO3 

as additives. 

0.010 to 0.200 mass% Zr02. 
0.010 to 0.200 mass% Ta205. 
0.010 to 0.200 mass% Hf02. 
0.010 to 0.200 mass% Nb205. and 
0.010 to 0.200 mass% Y2O3 

as additives. 

6. The Mn-Zn ferrite as claimed in claim 1 or 2. which further comprises at least one member selected from the 
group consisting of 0.020 to 0.300 mass% Cr^O^ and 0.020 tob.300 mass% /M2O3 aTaSdSSS^^ 
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FIG, 1 
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